ABSTRACT. During the period from 1993 to 1996, a total of 27,497 Salmonella isolates from humans, chicken meat, ready-to-eat Thai foods and shrimps were serotyped to know the predominant serovars of Salmonella in humans and foods in Thailand. Seventy-two and 81 serovars of Salmonella were identified in human and food samples, respectively. The significance of foods as a vehicle for human salmonellosis was discussed from an epidemiological viewpoint.-KEY WORDS: Salmonella, Salmonella Enteritidis, Salmonella Weltevreden.
All strains were identified and serotyped according to the Kauffmann technique [8] . In brief, DHL agar (Difco) and XLD agar (Difco) were used as isolation media. Then, suspected Salmonella isolates were streaked on Endo agar plates, which were incubated at 37°C for 18 hr, then the specific colonies were selected for biochemical tests, as described by Ewing [5] . After biochemical tests, the colonies were subjected to serotyping with antisera made in our laboratory according to the Gard technique [6] . O antigen was determined by slide agglutination with O polyvalent and O factor antisera. Flagella (H) antigen was determined by using the bacteria grown on swarm agar (0.7% agar) at 37°C for 18 hr and H polyvalent and factor antisera. The serovar was identified according to both the biochemical and serological data.
Of Salmonella strains, 72 serovars were detected in humans, and the details of 13 predominant serovars are shown in Table 1 . In order of predominance, the first in the human stools was S. Weltevreden in 1993 Weltevreden in , 1995 Weltevreden in , and 1996 and S. Derby in 1994; the second was S. Derby in 1993 and 1996, S. Weltevreden in 1994 and S. Enteritidis in 1995; the third, S. Enteritidis in 1993 and 1994 S. Derby in 1995 and S. Typhimurium in 1996. In blood and such other specimens as pus, urine, and cerebrospinal fluid, S. Enteritidis was the most predominant during the 4-year survey, and the second was S. Choleraesuis.
Salmonella strains comprising 81 serovars were detected in frozen chicken meat, ready-to-eat Thai foods and frozen shrimps ( Table 2 ). The most common serovar in frozen chicken meat was S. Enteritidis, which accounted for 17.1% in 1993, 33.8% in 1994, 29.6% in 1995, and 15.1% in 1996 of the annual total number of isolates from frozen chicken meat. In order of predominance, the second was S. Hadar in 1993 and 1994 and S. Paratyphi B biovar Java in 1995 and 1996; the third, S. Blockley in 1993 and 1994, and S. Hadar in 1995 and 1996; the fourth, S. Paratyphi B biovar Java in 1993 and 1994, and S. Anatum in 1995 and 1996. In chicken feces, S. Enteritidis was the most predominant in 1993, 1994, and 1995 and S. Virchow in 1996 (data not shown). S. Amsterdam and S. Senftenberg were isolated from chicken feed(data not shown). In ready-to-eat Thai Recently, occurrence of human cases of salmonellosis has been increasing [16] . Although Salmonella is the most prevalent among the agents causing human diarrhea in Thailand [18] , little is known of the predominant Salmonella serovars in Thai people. On the other hand, consumption of ready-to-eat Thai foods, some of which are made of chicken meat, beef, pork and seafood in Thailand is now increasing, due to their great convenience. Food animals, especially poultry and its products, are considered to be the main source of human salmonellosis [4, 16, 17] . Contamination of poultry products with Salmonella is not only a domestic public health problem but also an international problem, because exporting poultry and related products is one of the major businesses in Thailand.
Although there have been some reports of the prevalence of Salmonella in foods [2, 7, 10] , the relationship between common serovars in Thai foods and human infection is still obscure. The present study was made to investigate the predominant serovars of Salmonella in humans and foods including chicken meat from Thailand from 1993 to 1996 in order to discuss the significance of foods as a vehicle for human salmonellosis.
A total of 18,722 human Salmonella isolates consisting of 16,122 from stools, 2,172 from blood, and 428 from other sources such as pus, urine, cerebrospinal fluid, and sputum samples obtained from sporadic Thai native diarrheal cases hospitalized in Bangkok were studied. These isolates originated from different cases. In addition to the human isolates, a total of 8,775 nonhuman isolates consisting of 7,285 from frozen broiler chicken meat processed by the slaughterhouses of two exporting companies in the north and east regions of Thailand, 1,014 from ready-to-eat Thai foods made of chicken, pork, beef, and vegetables, and 476 from frozen shrimps sampled by the Department of Fisheries were submitted for serotyping. These isolates originated from different samples. Since in Thailand there is no other laboratory than the WHO International Salmonella & Shigella Center being able to serotype Salmonella strains, isolates suspected of Salmonella are to be sent to the WHO Center. Therefore, the relative frequency was obtained by the method mentioned above.
foods, S. Anatum and S. Derby were the most common. S. Weltevreden was the most common in frozen shrimps.
Rivera et al. [11] reported that the most predominant serovar of Salmonella clinical isolates from patients was S. Enteritidis (86%), followed by S. Typhimurium (7%) in Spain. In contrast to these results, the present study identified the major serovars in the stool of diarrheal patients as S. Enteritidis, S. Weltevreden, S. Derby, and S. Anatum, of which the annual percentages of isolates were almost the same in the 4-year servey. Of these, S. Enteritidis was the most predominant in the blood and other clinical specimens such as pus, urine, cerebrospinal fluid and sputum. These results suggested that infection with S. Enteritidis produces more serious symptoms than do the other serovars. S. Enteritidis was the most predominant serovar in frozen chicken meat in the 4-year survey; S. Weltevreden, in frozen shrimps; S. Derby and S. Anatum in ready-to-eat Thai food. These facts suggested that diarrheal patients due to these serovars were infected by the consumption of these foods in which the related serovars were common.
Saitanu et al. [12] reported that Salmonella was isolated from 30 of 2,490 hen eggs, and that the major serovars detected were S. Cerro, S. Amsterdam and S. Typhimurium without isolation of S. Enteritidis. In contrast, Sakai and Chalermchaikit [13] have reported that the isolation of S. Enteritidis from human patients and foods including chicken meat increased from 1990 to the first 6 months of 1993 in Thailand. Bangtrakulnonth et al. [3] have reported that strains identified as S. Enteritidis were one of 921 Salmonella isolates from frozen chicken meat in 1988, none of 864 in 1989, 15 of 1,003 in 1990, 35 of 815 in 1991, and 108 of 939 in 1992 in Thailand. The common serovars were S. Blockley, S. Paratyphi B biovar Java, S. Virchow and S. Hadar among Salmonella strains detected in chicken meat for export during the period from 1988 to 1992 in Thailand [3] . The five most common serovars isolated from retail chicken meat in 1991 were S. Blockley, S. Virchow, S. Enteritidis, S. Hadar, and S. Paratyphi B biovar Java [7] . The most common Salmonella serovars from chickens in Japan during the period from 1980 to 1995 were first S. Agona then S. Hadar, and then S. Enteritidis [1] . Although the time and the country were different in investigation for determining the predominant Salmonella serovar in chicken meat, S. Enteritidis was predominant in broiler chicken meat in Thailand. In our study, S. Amsterdam and S. Senftenberg were the predominant serovars in chicken feed from 1993 to 1996. Veldman et al. [19] reported previously that 10% of 360 samples of poultry feeds were contaminated, and that S. Hadar and S. Typhimurium were predominant with no detection of S. Enteritidis.
Arumugaswamy et al. [2] have mentioned that the common serovars in Malaysian retail ready-to-eat foods 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 (2,543 4,960 5,881 2,738 16,122) (581 562 512 517 2,172) (80 140 were S. Blockley, S. Enteritidis, S. Chincol, S. Muenchen, and S. Agona. All serovars isolated from ready-to-eat Thai foods, including S. Anatum and S. Derby, were also detected in frozen chicken meat. S. Paratyphi B biovar Java was also detected in ready-to-eat Thai foods in our study. The relationship between the ready-to-eat Thai foods and chicken meat to food hygiene, therefore, warrants further investigation. Sharma and Rajput [14] have reported that S. Typhi was the most predominant among Salmonella isolates from the fresh water lakes in India. Singh and Kulshrestha [15] found that S. Paratyphi B biovar Java heavily contaminated samples of marine prawns in Calcutta markets. In contrast to these results, S. Weltevreden might be the most common serovar in shrimps in Thailand. Our results are similar to the results of Reilly and Twiddy [9] who have reported that S. Weltevreden is the most predominant serovar in tropical prawns and brackish water samples from ponds in the major aquaculture regions of Southeast Asia.
